This review presents the evolution of sutureless vitrectomy and describes the minimisation of surgical techniques in the posterior segment, as well as their advantages and disadvantages. Shorter operating time, improvement of patient comfort and faster visual recovery are feasible when using small-diameter sutureless vitrectomy technique and equipment. However, a number of associated problems, such as postsurgical hypotony and endophthalmitis, were noticed initially in higher rates compared to 20-gauge vitreoretinal surgery. The purpose of this review is to summarise the available information on transconjunctival sutureless vitrectomy and evaluate its role in modern vitreous surgery.
INTRODUCTION
Since the first pars plana vitrectomy (PPV) procedure was described by Machemer et al in the early 1970s, 1 2 the surgical techniques have been significantly refined, the number of indications was expanded and the surgical performance and outcomes have improved. The first PPV involved a multifunction single-port device, 17 gauge (G) (1.42 mm) in diameter, which was introduced through a 2.3-mm sclerotomy site. 1 The device consisted of infusion, suction and cutting capabilities, while the light source originated from an external slit illuminator. In 1974, O'Malley et al 3 refined the technique by introducing the three-port 20G (0.91 mm) approach through the sclera, after a partial dissection of the conjunctiva. At the end of the procedure, the sclerotomies and the conjunctiva were sutured with absorbable sutures. With time, this surgical technique became the cornerstone of vitrectomy procedures as we know it today.
The quest to find ways to shorten surgical time and to minimise trauma to the eye has led to considerable improvement in surgical techniques and equipment and eventually to the development of the first 20G transconjunctival sutureless approach in 1996. 4 Enormous advances in minimising the size of surgical equipment for carrying out posterior segment procedures were witnessed in the beginning of the millennium. In 2002, Fujii et al 5 6 presented a set of tools with a diameter of 25G (0.51 mm), and Eckardt et al 7 introduced a 23G (0.61 mm) system 3 years later. Further miniaturisation of the surgical technique was recently presented by Oshima et al, 8 by the means of a 27G sutureless vitrectomy system. The use of instrumentation with such small diameters allowed their direct insertion and withdrawal through the conjunctiva and sclera without the need for sutures. The advantages of these innovations in comparison to the classical 20G system quickly became apparent: surgery time was shorter, recovery was more rapid and vision was restored more quickly. As these systems gained popularity, nearly all the equipment that had been used in the classical 20G method became commercially available in the 23G and 25G sutureless systems. At the same time, however, a number of complications were encountered in higher rates, when these systems were used on a larger scale, in comparison to the 20G approach, including postoperative hypotony, postoperative endophthalmitis and retinal detachment.
Another direction in which there has been great advancement is in the field of intravitreal illumination. In addition to the traditional halogen-based illumination probes, fiberoptic technology which yields stronger light became available. New Xenon and Mercury vapour light sources enabled minimising probe diameters up to 27G (0.42 mm), while affording light as strong as the halogen 20G probes.
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The diverse vitrectomy systems which are now available for the vitreoretinal surgeon allow fine adjustments between the operating method and the surgical problem at hand.
This review describes the evolution and minimisation of surgical techniques in the posterior segment and outlines their advantages and disadvantages. A literature review of articles up to January 2010 was undertaken using PubMed database. Papers available electronically before publication were included as well. Search terms included "vitrectomy", "transconjunctival sutureless vitrectomy", "20 gauge", "23 gauge", "25 gauge" and "27 gauge". The retrieved articles included randomised controlled clinical trials, technical notes and case series.
NEW CONSIDERATIONS IN FLUID DYNAMICS
The evolution of smaller cutters was accompanied by a number of drawbacks, one of which was the occurrence of a decrease in flow rate that can take place during the vitrectomy, a fact that can lead to undesirable extension of operation time. The flow rate through the cutter is influenced by several factors, such as the diameter of the cutter's opening, the duty cycle, the vacuum strength, the viscosity of the aspirated vitreous, the mechanism upon which the cutter is based (pneumatic or electrical), the movement of the blade and the internal diameter of the cutter's lumen. 12 Hubschman et al 13 compared flow rates of water and egg white using 20G, 23G and 25G systems and found that average flow rates were reduced in proportion to the reduction in the diameter of the instrumentation. They further analysed different phases of cutting cycle of 20G, 23G and 25G pneumatic based cutters and showed that slower opening and closing phases (as opposed to open and closed phases) allowed better duty cycle and better flow rates, probably due to a lesser amount of disturbance in front of the cutter's tip. 14 In another study, Magalhaes et al 12 tested 20G, 23G and 25G cutters and showed that, for all three systems, when the mechanism is electrical, the higher the cutting rate for a given vacuum value, the higher the flow rate. In contrast, when the mechanism is pneumatic, the flow rate drops as the cutting rate rises, due to a shorter duty cycle. Fang et al 15 recently introduced a new pneumatic-based 25G cutter, which allows higher flow rates compared to electrical cutters of the same diameter, as well as to the 20G cutter.
RIGIDITY OF INSTRUMENTATION
The 25G instruments are more flexible than larger-diameter instruments, a fact that makes it difficult to reach peripheral zones of the retina and to move the eye in the desired directions intra-operatively. Hubschman et al 13 examined the flexibility of various cutters by placing a known weight on their tip and showed that 25G cutters were more flexible than 23G instruments, which in turn were more flexible than 20G instruments. Differences between the systems resulted from a number of factors, including thickness and length of the shaft wall and the alloy from which it is made. Ohji and Tano 16 developed a 25G light pipe 15-mm-long cutter to replace the classic 32-mm light pipe cutter which is in common clinical use. The new product is relatively stiffer and easy to manoeuvre in the vitreal cavity. One of its drawbacks, however, is the lack of the ability to perform bimanual manoeuvres, with the light pipe as a working tool, especially in elongated myopic eyes.
WOUND CONSTRUCTION
Another fundamental aspect of sutureless vitrectomy surgery is the structural design of the scleral incision. Several studies indicate that oblique sclerotomies self-seal after withdrawal of the microcannula, and therefore cause less complications related to leakage, compared with perpendicular incisions. 17 18 In their histopathologic study, Singh et al 19 showed that smaller amounts of dye leaked from a rabbit's sclerotomy which was performed with an oblique incision compared to perpendicular sclerotomies. Gupta et al 20 examined histological sections of the sclera and measured spectrophotometric absorbance levels of vitreous aspirates of human cadaver eyes which underwent vitrectomy with 20G, 23G and 25G instrumentation. Trocars were inserted into the eye wall at perpendicular or oblique angles. They concluded that the angle of penetration of the conjunctiva and sclera is of crucial importance in terms of the risk of postoperative leakage, and that oblique incisions are superior to perpendicular ones. Similar findings were found in another histological study by Singh et al. 21 In this study, the investigators demonstrated, in addition, that shifting of the conjunctiva relative to the sclera prior to penetration, when using sutureless 25G vitrectomy incisions, is of no beneficial effect in terms of the chances of outer surface flora to invade the vitreal cavity. Further verification for the superiority of oblique incisions over perpendicular ones came from several optical coherence tomography (OCT) studies on animal models, 22 23 which showed that straight incisions remained open, in contrast to oblique ones.
THE 25-GAUGE SUTURELESS SYSTEM
The 25G sutureless system involves the insertion of three microcannulas into different sites in the sclera (figure 1). The 3.6-mm-long microcannulas are introduced through the conjunctiva to penetrate the sclera and enter the vitreal cavity, after which a wide range of instruments, such as a cutter, an infusion device, a light probe and other supplementary devices, can be used. Towards the end of the operation, the instruments and microcannulas are withdrawn, and the ports are examined for the presence of leakage.
Fujii et al 6 compared between eyes that underwent vitrectomy using 25G and 20G instrumentation. The most prominent finding in their study was the difference in the total surgical time: 26 min for 20G vitrectomies and 17 min for 25G vitrectomies. Similar results were reported in other studies, 24e26 in which the 25G sutureless system shortened the total surgical time. The reasons for a shorter surgery time with the transconjunctival sutureless systems are obvious. At the beginning of the vitrectomy, the simplified insertion of the 25G cannula is much faster than the time-consuming preparation of sclerotomies for 20G instruments, which involves conjunctival dissection, bleeding control and penetration of the sclera. At the end of the operation, the 25G cannulas are simply pulled out, while in the 20G system, the three scleral ports and the conjunctiva are sutured. In contrast, other studies showed no total surgery time gain when comparing between the sutureless 25G technique and the conventional 20G technique. 27 28 In a comparative study, Kellner et al 27 showed that, although instrument penetration and removal times were significantly shorter with the 25G method, the vitrectomy stage was significantly longer than it was with the 20G system, to the point that there was no difference between the two techniques in the overall surgery time.
Further comparative studies found that vitrectomy using 25G technique causes less surgical trauma, decreases postoperative discomfort and postoperative inflammation and reduces the amount of postoperative astigmatism, when compared to larger gauge techniques. 6 26 29e32
THE 23-GAUGE SUTURELESS SYSTEM
The 23G sutureless technique was introduced in 2005 by Eckardt et al, 7 in an attempt to avoid the disadvantages and complications of the 20G system on one hand, and the 25G sutureless system on the other. The 23G sutureless system is operated in a manner similar to the 25G sutureless system, by employing a direct penetration through the conjunctiva and sclera into the vitreal cavity, and without the need of suture placement (figure 2). As in the 25G sutureless system, the 23G sutureless system is superior to the 20G system in terms of shorter recovery time, less conjunctival scar formation and less postoperative astigmatism occurrence. 4 33e41 In contrast to the 25G sutureless instrumentation, the 23G sutureless probes are stiffer, a feature that allows the vitreoretinal surgeon better access to peripheral zones of the retina, and, importantly, a better learning curve because of the resemblance of the tools to those of the 20G system.
Vitrectomies using 23G systems were found to be shorter in time compared to the 20G approach. 42e44 Wimpissinger et al 45 showed, in contrast, that opening and closure times were indeed significantly shorter, but vitrectomy time was significantly longer in the 23G system compared to 20G vitrectomy, a fact that led to no significant difference in the overall surgery time between groups. Teixeira et al 46 evaluated the sclerotomy architecture of singleand two-step 23G sutureless vitrectomy surgery using ultrasound biomicroscopy, and found no significant difference between sclerotomy sites diameter between the two groups.
MODIFIED 20-GAUGE SUTURELESS SYSTEM
In 1996, Chen et al described the first sutureless vitrectomy using a self-sealing scleral pocket technique for a 20G trocar. 4 Since then, the use of the sutureless 20G technique has been modified and several improvements were suggested for greater safety and efficiency. 32e35 45e49 The rationale for using a 20G sutureless system is to avoid the disadvantages of the 25G sutureless system, such as overflexibility, low flow rate and high cost of the instrumentation, while reducing operating time and postoperative inflammation. The learning curve was expected to be steep because of the resemblance to the conventional 20G instruments.
Yeshurun et al 47 used a 19G blade, which was introduced in an oblique manner to ensure that sclerotomies would self-seal. Thirty-three out of 35 eyes underwent uneventful operations, with only two eyes requiring suture placement at the end of surgery (2.9% of sclerotomies). Gotzaridis et al 48 presented a modified 20G sutureless technique, performing conjunctival diathermy prior to transconjunctival penetration. Only 3.5% patients suffered from postoperative hypotony, which was normalised 3 days after operation. Lafeta et al 49 described a sutureless 20G system with trocars and disposable valves to prevent leakage during the surgery. The authors reported no case of hypotony, choroidal detachment or endophthalmitis. Saad and Assi 50 recently concluded a retrospective study in which a stepped anteroposterior incision using a 20G microvitreoretinal blade was used. From a total of 183 sclerotomies performed, 10 (6%) required suture placement. More recently, Kim et al 51 reported that, in a series of 164 20G sutureless vitrectomies, suture placement at the end of the procedure was required in 63 patients (38%) to close leaking sclerotomies.
27-GAUGE SUTURELESS SYSTEM
As part of the ongoing evolution of vitrectomy instrumentation and techniques, a 27G sutureless system has recently been developed with specified indications for use, including macular surgery and vitrectomy for vitreal haemorrhage and for retinal detachment. 8 
COMPLICATIONS Hypotony
Open sclerotomies, even those of a small diameter, might leak and cause hypotony at the end of the procedure, and this, in turn, can cause an accumulation of fluid in the suprachoroidal space, a complication which can threaten vision. Several reports have shown a prevalence of up to 20% of postsurgical hypotony using 25G sutureless techniques. 5 24 52e55 In most cases, IOP values normalised within a few days with no residual problems. Byeon et al 56 evaluated the factors which influenced the formation of hypotony after vitrectomy using a 25G sutureless system and found that the only factor that reached a level of significance was young age.
Further studies using the 23G technique showed a wide range of complication rates. 57e61 Hypotony was demonstrated in a range of 3.3e11.3%, scleral sutures were placed in 11.2e38% in the various studies, while, in most studies, no "serious" complications occurred.
In a comparative study, Haas et al 43 showed that postoperative hypotony occurred significantly more often after 23G vitrectomy than after 20G vitrectomy [6/64 (9.4%) and 0 (0%), respectively; p<0.001]. In an attempt to reduce postoperative hypotony, Inoue et al recently used a 23G microvitreoretinal blade trocar and compared it to a conventional 23G trocarcannula. 62 The bladeÀtrocar system resulted with less cases of postoperative transient hypotony compared to the trocarÀcannula system (2/48 and 7/30, respectively; p¼0.023).
Endophthalmitis
Endophthalmitis is another complication that was initially suspected to occur more frequently after sutureless vitrectomies. Figure 2 Intraoperative photograph of reusable 23-gauge system. 20G and 25G vitrectomies (0.018% and 0.23%, respectively), while Scott et al 68 reported an alarming 28-fold increase (0.03% for 20G PPV compared to 0.84% for 25G PPV). However, later studies did not support this finding. Hu et al 69 compared the incidence rate of endophthalmitis after sutureless 25G versus sutured 20G vitrectomies using a perioperative anti-infection and found no significant difference between groups.
Additional studies on endophthalmitis prevalence were performed using the 23G sutureless systems. Parolini et al 70 found that one out of 3078 and none out of 943 patients were diagnosed with postsurgical endophthalmitis after undergoing vitrectomy by means of the 20G and 23G sutureless systems, respectively. Gupta et al 71 found no case of endophthalmitis after vitrectomy with the 23G sutureless system. Noteworthy, the surgeons in both studies used an oblique penetrating angle to the eye wall.
Overall, the currently available data from the recently published large retrospective studies does not indicate that sutureless small-gauge vitrectomy is associated with higher rates of endophthalmitis than in 20G vitrectomy.
Retinal detachment
As with the classic 20G approach, postoperative retinal detachment following microincision sutureless PPV has been reported in several studies. 54 61 72e74 In a study conducted by Ibarra et al, one case (2.2%) out of 45 patients had a retinal detachment 4 weeks after macular hole repair. 72 No case of retinal detachment was reported in a retrospective analysis of 118 vitrectomised eyes using a single-step 23G sutureless technique, conducted by Chieh et al. 58 Higher rates of post-25G vitrectomies retinal detachment were found in a study by Byeon et al 54 [3/50 of patients (6%)] and in a study conducted by Kellner et al 26 [2/30 of patients (6.67%)]. However, in both latter studies, the investigators concluded that development of retinal detachment did not directly result from the microincision 25G technique.
CASE SELECTION
Judicious case selection is critical for better outcomes when using the miniaturised techniques. At first, these techniques were reserved for "simple" cases, such as macular hole operations and epiretinal membrane peeling. 25 73 74 The smaller-diameter sutureless technique was found to be safe and efficient for these indications. The extent of trauma to the eye and postsurgical inflammation were lower and recovery time was shorter, as was the time to regain best VA compared to the 20G technique. Success with the 25G sutureless technique in limited indications led to an expansion of the indications to include primary retinal detachment 75e77 and even to "complicated" cases, such as recurrent retinal detachments, complicated retinal detachments, tractional retinal detachments in patients suffering from PDR, proliferative vitreoretinopathy (PVR), neovascular glaucoma, giant retinal tears and pathologic myopia and cases in which silicone oil injection is obligatory. As for the 25G sutureless system, the number of indications for 23G sutureless systems surgery is expanding. Present indications include macular hole surgery, epiretinal membrane peeling, 42 82 retinal detachment 83 and complicated operations, including the use of silicone oil as tamponade. 84 85 In a study conducted by Hubschman et al, 86 a combined 23G and 25G approach was used to attain advantages of both systems.
SUTURELESS VITRECTOMY FOR THE PAEDIATRIC POPULATION
Another field in which sutureless vitrectomy technique is gaining popularity for a wide range of indications is in the paediatric population. 87e90 The obvious advantage is an easy access to the small and crowded space of a child's eye; however, a major concern is postoperative hypotony in a population that is more likely to rub the operated eye. Apparently, a promising solution is to place sutures in the end of the operation, at least when dealing with young babies, in which sclerotomies are relatively anterior. 87 
88

ILLUMINATION DEVICES
Recently, there have been significant advances in the field of illumination devices. The first light source, in the early 1970s, originated from an external slit illuminator outside the eye. The transformation to three-port vitrectomy brought the illumination device inside the eye, thus allowing better visualisation for the vitreoretinal surgeon. Refinement and miniaturisation of instrumentation created the need for small-diameter endoillumination probes to allow a wide panoramic view. 91e94 In 2003, Eckardt 8 developed a 'twin light' xenon-based illumination probe, which was designed to directly penetrate the conjunctiva and sclera. In 2007, Oshima et al 9 presented a fiberoptic with a 27G diameter based on the same technology ( figure 3 ). The fiberoptic remains fixed to the sclera after insertion, a fact that enables execution of bi-manual surgery, and provides wide illumination of the vitreal cavity (a "chandelier "-type illumination). Miniaturisation of illumination devices became possible because of the strong light produced by the xenon-based source. In fact, the light produced by the xenon source and conducted by the 25G and 27G probes was equivalent to, and even stronger than, that of the halogen-based sources with 20G probes. 8 9 Oshima et al 10 recently developed a 29G fiberoptic based on mercury vapour which produce light twice as strong as the light produced from a xenon-based probe (at similar diameter) and with a better safety profile.
DISCUSSION
The different systems used for posterior segment vitrectomy surgery have evolved considerably since the first procedure was described in the early 1970s. During the past few years, the rate of developing new miniaturised instrumentation was remarkably high (figure 4). The vitreoretinal surgeon can now choose Figure 3 Intraoperative photograph of 27-gauge xenon light source fiber optic outside the eye.
Review group.bmj.com on February 25, 2011 -Published by bjo.bmj.com Downloaded from from a variety of surgical systems in order to best accommodate the individual needs of his/her patients. The need to refine the techniques has led to the miniaturisation of the technology which, in turn, has resulted in faster recovery of vision and in increased patient comfort. For most "simple" cases, such as MH and ERM surgery and vitrectomy for VH, the use of small-gauge techniques has led to shortening of the surgical time as well. However, it is not clear whether this benefit is true for the more "complicated" cases, such as complicated retinal detachments, intraocular injuries, PVR and TRDs, since no comparative studies were performed in these settings.
Although indications for 25G and 23G vitrectomy are expanding, there are no definite criteria in regard to proper case selection, and each vitreoretinal surgeon develops his own preferences according to his personal experience and expertise. Evidence from the literature and our own experience imply that, for the more complex cases, there is a tendency to continue the use of larger-gauge instrumentation. In these cases, many surgeons still prefer the sturdy and reliable 20G instruments that they have been using for a long time. This trend may change in the future with further improvements of the smaller gauge instruments, including higher rigidity and more efficient duty cycles. The role of miniaturisation beyond the 25G instruments is yet to be defined. At this time, there is no apparent benefit in 27G instruments in comparison with the 25G system with regard to either the ease of the sutureless transconjunctival approach or to the intravitreal performance. It remains to be seen if this smallest gauge technology will have a place in the armamentarium of vitreoretinal surgery for adults and for the paediatric population.
The best technique for the construction of the sclerotomy, and the best design and fluidics for the various probes and cannules in small-gauge sutureless vitrectomy remains to be determined. However, the great industrial and professional interest in further developing these technologies guarantees that the coming years will revolutionise the way we perform vitrectomy. Better instruments, fewer complications, better outcomes and patient comfort are within reach. 
